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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Division  of  Soils. 
Washington,  D.  C.  March  18,  1899. 

Sir  :  I  have  the  honor  to  submit  herewith  the  results  of  some  investi- 
gations upon  the  temperature  changes  in  fermenting  tobacco  in  Florida 
and  Connecticut,  obtained  by  Mr.  Thomas  H.  Means,  an  assistant  in 
this  division,  and  myself,  together  with  a  resume  of  Dr.  Oscar  Loew's 
investigation  of  the  cause  of  fermentation,  as  these  throw  light  upon 
and  explain  the  temperature  changes  and  the  necessity  of  maintain- 
ing the  proper  water  content  in  the  tobacco  during  the  curing  and 
fermentation. 

The  Florida  work  was  dune  with  the  active  cooperation  of  Mr.  Henry 
Storm,  second  vice-president,  and  Mr.  W.  «M.  Corry,  general  manager 
of  the  Owl  Commercial  Company,  and  Mr.  M.  L.  Floyd,  all  of  Quincy, 
Fla.,  who  contributed  materially  to  the  investigations.  The  Connecti- 
cut records  were  taken  from  some  investigations  that  were  being  carried 
on  by  Dr.  E.  H.  Jenkins,  of  the  Connecticut  Experiment  Station,  who 
contributed  much  to  the  success  of  the  investigations  at  that  place. 

I  respectfully  recommend  that  this  be  published  as  Report  Xo.  GO  of 
tbe  Department. 

Respectfully. 

Milton  Whitnev. 

Ch  ief  of  D  i  r  is  Ion. 
In  Charge  of  Tobacco  Investigation. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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TEMPERATURE  CHANGES  IN  FERMENTING  PILES  OF  CIGAR-LEAF 

TOBACCO. 


LXTROBTCTION. 


With  the  introduction  and  rapidly  extending  use  of  Sumatra  tobacco 
for  wrapping  our  domestic  cigars,  and  with  the  superior  quality  and 
commercial  standing  of  the  Cuban  tobacco,  competition  with  the  prod- 
ucts of  this  country,  notwithstanding  the  tariff  on  tobacco  from  for- 
eign countries,  has  been  very  severe.  Unlike  most  of  our  staple  farm 
crops,  fashion  largely  determines  the  commercial  value  of  tobacco.  The 
mere  designation  of  a  tobacco,  as  Russian,  Turkish,  or  Grecian,  carries 
much  weight  in  the  opinion  of  many  smokers  and  induces  them  to  pur- 
chase such  tobacco  in  preference  to  the  domestic  grown,  simply  because 
it  is  of  foreign  origin.  Aside  from  this  there  are  certain  qualities  about 
the  Sumatra  and  Cuban  tobaccos  which  are  universally  recognized  as 
extremely  desirable.  The  duty  on  wrapper  leaf  is  81.85  per  pound  and 
i>b  tiller  leaf  35  cents  per  pound,  so  no  cigar-leaf  tobacco  is  imported 
into  this  country  without  at  least  35  cents  per  pound  being  added  to  the 
original  cost.  All  of  the  Sumatra  tobacco  is  used  for  wrapper  purposes 
and  is  worth  on  the  average  from  82.50  to  83  per  pound,  duty  paid. 
This  high  price  of  wrapper  leaf,  together  with  the  scarcity  of  Cuban 
tillers  and  wrappers  during  the  past  two  or  three  years,  has  greatly 
stimulated  the  industry  of  the  production  of  cigar  tobaccos  in  this 
country. 

The  interest  in  the  production  of  a  cigar  leaf,  and  particularly  of  a 
wrapper  leaf,  to  compete  successfully  with  the  tobacco  imported  from 
Cuba  and  Sumatra,  has  led  to  marked  developments  in  the  tobacco 
interests  of  Florida.  Texas,  and.  more  recently,  in  the  Connecticut 
Valley.  The  light,  sandy  soils  bordering  the  Connecticut  River  pro- 
duce a  wrapper  leaf  of  superior  quality  which  more  nearly  complies 
with  the  present  market  demands  for  cigar  wrappers  than  the  tobacco 
from  any  of  the  other  northern  tobacco  districts,  but  still  the  Connect- 
icut leaf  brings  only,  on  the  average,  about  20  cents  per  pound  for 
wrapper  purposes,  while  the  tariff  alone  on  imported  wrappers  is  $1.85 
per  pound.  The  most  notable  advance  in  the  past  few  years  has  been. 
however,  in  the  development  of  the  cigar  tobacco  industry  in  Florida, 
where  a  wrapper  leaf  of  very  superior  quality  is  being  produced  which 
promises  to  provide  a  very  satisfactory  wrapper  for  the  Cuban  tobacco 
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and  to  compete  successfully  with  the  imported  Sumatra,  which  it  resem- 
bles very  closely  in  the  most  important  features.  This  result  has  been 
attained  through  very  careful  and  intelligent  methods  of  selection, 
cultivation,  fermentation,  and  great  care  in  the  grading  of  the  leaf. 
This  experience  has  extended  over  a  number  of  years,  and  the  product 
every  year  has  been  more  and  more  satisfactory. 

Great  interest  has  been  manifested  in  these  Florida  experiments  by 
the  growers  in  the  other  cigar  tobacco  districts,  and  the  Florida  meth- 
ods have  been  studied  by  persons  interested  in  the  improvement  of  the 
tobacco  of  other  districts. 

The  investigations  of  the  Division  of  Soils  have  shown  that  the  light, 
sandy  soils  of  the  Connecticut  Valley  are  similar  in  their  physical 
properties  to  the  tobacco  lands  of  Florida,  the  Yuelta  Abajo  District 
of  Cuba,  and  to  the  tobacco  districts  of  Sumatra.  There  is,  further- 
more, no  such  difference  in  the  meteorological  data  from  these  places 
as  would  seem  to  explain  the  difference  in  the  character  of  the  leaf 
produced.  It  is  important,  therefore,  to  carry  the  investigations  further 
and  to  discover,  if  possible,  the  causes  of  the  difference  between  the 
Connecticut  leaf  and  some  of  the  foreign  tobaccos  with  which  it  comes 
into  competition. 

It  is  clearly  recognized  that  the  flavor  and  aroma  of  the  cigar-tobacco 
leaf  are  developed  during  the  fermentation,  although  the  fermentation 
changes  are  dependent  upon  a  certain  quality  of  leaf  which  has  been 
properly  cured.  The  practice  of  fermentation  differs  greatly  in  the 
several  tobacco  districts,  and  as  the  method  of  fermentation  is  known 
to  have  a  decided  effect  upon  the  physical  characteristics  of  the  leaf 
and  upon  the  flavor  and  aroma,  it  was  considered  at  least  possible  that 
the  commercial  characteristics  of  the  Connecticut  leaf  might  be  due  to 
the  methods  of  fermentation  rather  than  to  the  character  of  the  soil  or 
climate.  It  was  considered  advisable  to  see  if  the  method  of  fermen- 
tation practiced  in  Cuba,  and  more  recently  in  Florida,  would  give 
more  desirable  commercial  characteristics  to  the  Connecticut  leaf. 

As  our  investigations  have  shown  no  marked  difference  in  the  soil 
conditions  or  in  the  climatic  conditions  of  the  growing  season,  it  is  rea- 
sonable to  expect  that  by  improved  methods  of  cultivation  or  of  fer- 
mentation the  quality  of  the  Connecticut  leaf  can  be  greatly  improved. 
If  it  is  found,  however,  that  satisfactory  results  can  not  be  attained  in 
this  manner  with  the  soil  and  climatic  conditions,  it  should  be  possible 
to  change  the  specific  characteristics  of  the  plant  itself  through  breed- 
ing and  hybridization,  so  that  under  the  existing  conditions  a  wrapper 
leaf  of  acknowledged  excellence  could  be  produced  on  these  Connecti- 
cut soils  which  would  compare,  favorably  in  the  commercial  value  per 
pound  with  the  Florida  and  imported  products. 

The  questions  of  fermentation  and  breeding  by  selection  and  hybrid- 
izing of  plants  belong  properly  to  the  Division  of  Vegetable  Physiology 
and  Pathology.    An  arrangement  has  therefore  been  made  with  the 


chief  of  that  division  to  cooperate  actively  in  this  work,  and  many  val- 
uable suggestions  have  already  been  obtained  from  the  investigations 
of  Dr.  Oscar  Loew,  also  of  that  division,  which  make  it  appear  at  least 
possible  that  the  difference  in  the  fermenting  power  of  the  Connecticut 
leaf,  as  compared  with  the  Florida  leaf  may  be  modified  and  the  com- 
mercial qualities  greatly  improved  in  the  curing  and  fermentation  of 
the  leaf.  There  is  reason  to  believe,  therefore,  that  we  will  be  able  in 
time  to  control  the  fermentation  and  greatly  improve  the  value  of  the 
Connecticut  leaf  for  cigar  purposes. 

The  present  bulletin  gives  the  records  of  the  moisture  content  and 
the  temperature  of  fermenting  pile^  of  Florida  tobacco  as  a  basis  for 
the  bulk  method  of  fermentation  of  tobacco  in  other  localities.  This  is 
preparatory  to  a  more  extensive  line  of  investigation  by  Dr.  Loew. 
cooperating  with  the  Division  of  Soils,  which  it  is  proposed  shall  finally 
include  a  study  of  the  principal  tobacco  districts  of  this  country. 

METHOD    OF    FERMENTING    TOBACCO. 

The  method  of  fermenting  tobacco  as  practiced  in  Florida  has  been 
described  in  Farmers*  Bulletin  Xo.  GO  of  this  Department.  The  tobacco 
is  fermented  in  large  "bulks."  the  term  commonly  used  in  the  trade  as 
applied  to  a  mass  of  tobacco  piled  up  for  fermentation.  It  is  constantly 
watched  during  the  six  or  eight  weeks  that  the  fermentation  requires, 
to  see  that  the  temperature  does  not  go  too  high  and  that  the  moisture 
conditions  remain  favorable. 

The  methods  employed  in  this  fermentation  in  Florida  have  been 
developed  as  a  result  of  long  experience.  Even  now  the  proper  progress 
of  the  fermentation  is  only  determined  as  a  matter  of  experience  by  the 
attendant  in  charge  of  the  fermenting  piles.  There  are  no  hard  and 
fast  rules  to  be  given  and  no  really  explicit  instructions  which  may  be 
used  in  a  new  district  by  a  person  unacquainted  with  the  methods. 

The  following  description  of  the  Florida  method  is  taken  from 
Farmers'  Bulletin  So.  GO: 

When  thoroughly  cured  and  the  leaves  are  in  proper  ea>e.  or  order,  they  are  stripped 
off  aud  tied  into  Lands.  These  hands  are  then  hulked  for  the  sweat,  the  Cuban  and 
Sumatra  tobaccos  being  kept  separate. 

The  hulks  may  he  built  up  directly  on  tin-  floor,  or  the  leaves  may  be  put  into  bins. 
In  large  establishments  the  temperature  and  humidity  of  the  room  can  he  thoroughly 
regulated  to  secure  uniform  progress  of  the  fermentation.  This  is  done  by  steam 
pipes  to  warm  the  room,  in  which  there  are  vents  for  the  escape  of  steam  when  it  is 
desired  to  make  the  atmosphere  more  moist.  The  temperature  of  the  room  is  kept 
qnite  high,,  and  the  vapor  from  the  hulk  which  is  being  worked  over  is  very  pungent 
and  almost  overpowering.  There  i>  a  very  strong  odor  of  ammonia,  which  makes  .  t 
difficult  to  breathe. 

The  bulk  is  watched  very  closely,  and  as  the  temperature  rises  it  is  torn  down, 
each  hand  of  tobacco  is  taken  up  and  shaken  thoroughly  to  dry  it  a  little,  to  cool  it 
slightly,  aud  to  open  the  leaves  so  that  they  will  not  stick  together.  liefore  the 
sweat  is  completed  the  bulk  is  pulled  down  and  built  up  eight  or  ten  times,  accord- 
ing to  the  condition  of  the  tobacco.     It  is  impossible,  even  for  an  expert  eurer.  to 
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give  explicit  directions  as  to  when  the  bulk  should  be  turned,  as  it  depends  entirely 
upon  the  condition  of  the  tobacco  and  the  temperature  it  attains,  and  these  must  be 
determined  by  the  operator. 

The  temperature  must  rise  gradually,  and  if  it  is  found  to  be  rising  too  rapidly, 
the  bulk  is  torn  down  and  a  fresh  one  built  up.  Sometimes  the  bulk  is  not  up  over 
twenty-four  hours  before  it  is  torn  down  again  and  built  up  afresh.  If  the  tobacco 
is  in  high  case,  that  is,  quite  moist,  the  bulks  have  to  be  turned  over  frequently  in 
order  to  prevent  too  rapid  action  and  to  shake  out  the  leaves  which  would  otherwise 
stick  together.  If  a  bulk,  as  seldom  happens,  should  dry  out,  it  is  turned  over  and 
mixed  with  a  bulk  which  is  in  high  case.  The  tobacco  should  never  be  sprinkled  in 
this  stage  of  the  process  to  bring  it  into  case. 

The  temperature  of  the  pile  is  allowed  to  rise  gradually  until  it  occasionally  reaches 
180°  F.1  The  fermentation  is  then  at  its  highest.  From  this  point  the  temperature 
subsides  until  the  fermentation  is  complete  and  the  bulk  attains  the  normal  tempera- 
ture of  the  room.  This  maximum  temperature  must  not  be  reached  too  quickly, 
and  it  must  be  managed  differently  with  the  different  tobaccos.  The  fermentation 
must  be  carefully  controlled,  and  not  allowed  to  go  too  far  with  the  wrapper  leaf. 
With  the  filler,  the  further  it  goes  and  the  more  intense  the  action,  the  stronger  and 
finer  will  the  tobacco  be  for  its  purpose,  if  the  work  is  judiciously  done.  As  a  mat- 
ter of  fact,  it  is  not  unusual  to  resweat  the  hller  leaf  to  bring  out  the  strong,  rich 
properties  which  it  is  desired  to  develop.  As  the  fermentation  does  not  extend  to 
the  bottom  of  the  pile,  it  is  customary  to  put  8  or  10  inches  of  trash,  which  Uas 
already  been  sweated,  on  the  bottom;  and  where  bins  are  used  a  layer  of  trash  is 
also  put  around  the  shies. 

The  method  used  in  the  fermentation  of  tobacco  in  the  Connecticut 
Valley  is  considered  much  less  satisfactory.  The  following  description 
of  the  method  used  there  is  also  taken  from  Farmers'  Bulletin  No.  60: 

The  fermentation,  or  sweating,  is  usually  managed  by  the  packers  and  not  by  the 
farmers.  The  sweating  is  done  in  wooden  cases,  strongly  put  together,  holding  on 
an  average  about  300  pounds  of  tobacco.  These  cases  are  not  tight,  but  have  a  space 
of  one-half  inch  between  the  boards.  A  good  crop  in  sweating  loses  from  10  to  14 
per  cent  of  its  weight,  and  there  must  be  sufficient  ventilation  to  allow  this  moisture 
to  escape.  On  the  bottom  of  the  box  is  put  a  layer  of  top  leaves,  or  seconds,  as  the 
outside  does  not  sweat  readily.  The  leaves  are  well  shaken  out  and  packed  with  the 
butts  outside,  and  tightly  pressed  down  to  exclude  the  air  as  much  as  possible.  The 
tobacco  is  piled  into  the  box  and  pressed  down  with  a  moderate  pressure,  and  then 
the  top  of  the  box  is  screwed  on.  The  cases  are  then  marked  and  piled  up  in  the 
warehouse,  in  rows  3  or  4  boxes  high,  for  the  sweat.  Once,  at  least,  during  the  sea- 
son good  packers  turn  the  boxes  upside  down  and  put  the  top  boxes  at  the  bottom. 

The  tobacco  is  cased  in  the  fall  or  winter,  and  so  remains  through  the  next  summer. 
The  temperature  of  the  warehouse  is  quite  even  during  the  winter.  After  the  sum- 
mer's sweat  the  operation  is  finished,  and  the  cases  are  opened  and  sampled.  This 
is  one  year  after  the  harvest.  After  sampling,  the  tobacco  is  returned  to  the  case 
without  breaking  the  bulk,  and  remains  in  the  case  until  it  is  wanted  by  the  cigar 
manufacturer. 

The  whole  process  of  fermentation  in  this  operation  is  largely  a  matter  of  chance. 
It  is  not  controlled,  the  temperature  is  not  taken  to  note  the  progress  of  the  fermen- 
tation, and  nothing  is  done,  in  point  of  fact,  except  to  maintain  the  temperature  of 
the  room  moderately  uniform  during  the  winter  season.  In  some  cases  the' fermenta- 
tion is  overdone,  and  in  other  cases  it  is  underdone.  There  is  a  strong  feeling  among 
the  more  intelligent  planters  that  more  information  is  needed  upon  the  changes 
which  take  place,  in  order  that  these  may  be  carefully  controlled. 

1  This  is  undoubtedly  higher  than  the  temperature  is  ever  allowed  to  go. 
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Dr.  E.  H.  Jenkins,  of  the  Connecticut  Experiment  Station,  lias  taken 
much  interest  in  the  improvement  of  the  Connecticut  leaf  and  has  done 
much  for  the  industry  in  the  fertilizer  experiments  at  Poquonock,  in 
connection  with  the  Connecticut  Tobacco  Association. 

After  looking  well  into  the  Florida  methods,  it  was  arranged  that 
the  Connecticut  Experiment  Station  and  the  Division  of  Soils  should 
cooperate  in  the  study  of  the  fermentation  of  the  Connecticut  leaf  to 
see  if  a  product  more  nearly  approaching,-  the  Cuban  or  Sumatra  types 
could  not  be  obtained  from  the  soils  of  the  Connecticut  Valley,  which 
the  investigations  of  this  division  had  shown  were  very  similar  to  the 
Florida  and  Sumatra  soils. 

It  was  considered  advisable  to  try  the  Florida  method  of  fermenta- 
tion with  the  Connecticut  leaf.  In  order  to  do  this  intelligently  and  to 
exercise  some  control  upon  the  work,  several  weeks  were  spent  in 
Florida  studying  the  temperature  changes  in  the  fermenting  piles  of 
tobacco  and  securing  the  records  which  form  the  basis  of  this  report. 
During  the  latter  part  of  this  investigation  Dr.  Loew  joined  us  and 
carried  on  his  studies  of  the  changes  in  the  fermenting  leaf,  the  results 
of  which  have  already  been  published  in  Report  No.  59. 

After  securing  thesjs  records  and  results  we  then  cooperated  actively 
with  Dr.  Jenkins  in  the  fermentation  of  two  bulks  (nearly  2,500  pounds) 
of  the  Connecticut  leaf  in  a  basement  room  in  the  Experiment  Station 
building  at  Xew  Haven.  Facilities  were  provided  for  maintaining  a 
high  temperature  and  a  high  relative  humidity  in  this  room  through 
the  escape  of  steam  from  the  heating  pipes.  The  tobacco  was  brought 
into  the  same  condition  as  to  moisture  which  was  maintained  in  prac- 
tice in  Florida,  but  with  all  our  efforts  it  was  impossible  to  force  the 
temperature  of  the  fermenting  pile  to  as  high  a  degree  as  is  ordinarily 
attained  in  the  Florida  tobacco.  Samples  of  the  leaf  were  then  exam- 
ined by  Dr.  Loew,  who  found  a  very  important  difference  between  the 
Connecticut  and  the  Florida  leaf,  sufficient  to  explain  our  inability  to 
force  the  fermentation  of  the  Connecticut  tobacco  to  the  desired  point. 

The  discoveries  of  Dr.  Loew  are  of  such  great  practical  importance 
that  his  results  will  be  freely  used  in  this  bulletin,  as  they  bear  upon 
the  work  in  hand. 

THE  FERMENTATION  OF  THE  FLORIDA  LEAF. 

The  investigations  in  Florida  were  carried  on  in  the  warehouses  at 
Quincy,  in  which  both  the  Cuban  and  Sumatra  leaves  were  being  fer- 
mented in  bulk.  It  was  found,  as  was  to  be  expected,  that  the  process 
has  to  be  varied  for  the  kind  of  tobacco  and  for  the  condition  of  the 
leaf,  so  that  an  accurate  judgment  can  only  be  obtained  after  long 
experience  in  handling  the  product.  The  farmers  themselves  rarely 
attempt  to  sweat,  grade,  or  assort  their  own  leaf,  but  they  either  sell  it 
outright  from  the  barn  or  have  the  work  done  for  them  on  commission 
by  some  of  the  leaf  dealers.    There  is  a  decided  advantage  in  this  in 
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the  production  of  a  fine  quality  of  leaf,  for  the  dealers,  working  with 
large  quantities,  are  able  to  keep  up  more  uniform  conditions  and  to 
handle  better  the  different  grades,  sizes,  and  colors  desired  by  the 
manufacturers. 

The  tobacco  when  received  in  the  warehouse  is  roughly  graded  into 
wrappers  and  fillers.  All  low-grade  tobacco  and  leaf  not  suitable  for 
wrapping  cigars  is  sweated  as  filler  leaf,  although  later  some  wrapper 
leaves  may  be  sorted  out.  On  the  other  hand,  all  of  the  best  grade  is 
sweated  as  wrappers,  although  from  this  also  some  filler  leaves  are 
taken  in  the  final  selection. 

The  present  market  demauds  require  light-colored  wrappers  and 
medium  or  dark  colored  fillers.  The  fermentation  always  tends  to 
darken  the  leaf,  especially  if  much  water  is  present  in  the  leaf  or  if  a 
high  temperature  develops  in  the  fermenting  bulk.  Should  dark  wrap- 
pers come  into  general  demand  there  would  be  little  or  no  necessity 
for  making  the  first  assortment  into  wrappers  and  fillers,  as  is  now 
done,  but  all  the  leaves  could  be  fermented  in  the  same  bulk. 

In  the  effort  to  obtain  light-colored  wrappers  the  tendency  is  to  rather 
uudersweat  the  leaf,  leaving  it  green  and  bitter.  Such  tobacco  is 
always  cause  of  complaint  on  the  part  of  the  manufacturer  and  smoker. 
If,  however,  the  leaves  are  thoroughly  sweated,  the  color  is  apt  to  be 
dark,  and  for  that  reason  undesirable.  There  is  a  mistaken  impression 
that  light-colored  wrappers  indicate  a  mild  smoking  cigar.  To  a  cer- 
tain extent  this  is  true,  because  strong,  heavy  leaves  can  never  produce 
a  light-colored  wrapper;  if  the  light  wrappers  had  been  completely 
fermented  they  would  darken  somewhat,  but  they  would  lose  much  of 
the  bitter,  harsh  taste  and  unfinished  character  which  is  often  so  objec- 
tionable in  the  light  colored  cigars.  The  present  effort  is  to  compro- 
mise on  these  lines  and  produce  a  wrapper  as  light  as  possible,  without 
too  great  a  sacrifice  of  flavor. 

Where  the  leaf  is  subjected  to  a  very  mild  sweat  in  the  bulk  to  keep 
the  color  light,  it  is  well  to  let  it  stand  some  time  in  the  bulk  or  bale  to 
age.     This  is  especially  necessary  with  filler  leaf. 

THE   MOISTURE   CONTENT   OF   FERMENTING   TOBACCO. 

The  main  process  of  fermentation  of  Florida  tobacco  has  been  already 
described  in  the  extract  from  Farmers' Bulletin  No.  60;  but  there  were 
two  features  which  we  especially  studied  as  matters  of  detail,  namely, 
the  moisture  content  of  the  tobacco  and  the  temperature  attained  in 
the  fermenting  pile. 

The  tobacco  received  directly  from  the  curing  shed  contains  always 
a  certain  amount  of  moisture,  depending  upon  the  type  of  tobacco,  the 
quality  of  the  leaf,  and  the  weather  conditions  to  which  it  has  been 
immediately  exposed.  Tobacco  can  only  be  handled  when  it  is  in  a 
moist,  pliable  condition,  and  when  it  comes  into  this  proper  "case"  or 
"order"  the  leaves,  after  being  tied  into  "hands,"  are  bulked  down  in 
the  barn  until  a  convenient  time  for  the  fermentation. 
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The  dealers  attach  much  importance  to  the  proper  conditioning  of  the 
tobacco,  by  natural  means  where  possible,  before  it  is  put  in  the  fer- 
menting pile.  It  is  an  open  question,  however,  as  to  whether  there  is 
ever  enough  moisture  naturally  present  in  the  leaf  to  complete  the  fer- 
mentation as  it  should  be  done.  It  is  nearly  always  found  necessary  to 
add  water  during  the  process  of  fermentation;  if  so,  it  must  be  very 
carefully  done,  and  should  be  avoided  if  possible. 

Our  investigations  showed  that  the  Florida  leaf,  to  be  in  good  ca>e 
for  starting  the  fermentation,  should  contain  from  23  to  24  per  cent  of 
water.  Several  piles  were  examined  where  the  water  content  was 
about  20  per  cent,  and  in  almost  every  ease  it  was  found  that  tobacco 
having  no  more  moisture  than  this  was  too  dry  to  ferment  and  even 
too  dry  to  handle  safely.  Ou  the  other  hand,  when  the  tobacco  has  26 
per  cent  of  water  it  is  too  wet  and  is  liable  to  rot  in  the  fermenting 
pile.  Several  cases  were  noted  where  this  occurred  under  these  con- 
ditions. 

Dr.  Loew's  investigations  explain  why  it  is  necessary  to  have  just  the 
right  amount  of  moisture  in  the  curing  and  fermentation.  He  found 
that  the  fermentation  of  the  Florida  leaf  which  he  examined  is  not  due 
to  bacteria.  The  claim  of  Suchsland  that  the  flavor  and  aroma  of 
tinished  cigar  leaf  tobacco  is  due  to  the  action  of  certain  bacteria  is 
shown  by  Dr.  Loew  to  be  entirely  inadmissible.  He  found  no  bacteria 
upon  the  fermenting  Florida  leaf  except  a  few  spores,  which  would 
germinate  under  favorable  conditions.  H-*  found,  on  the  contrary,  that 
the  fermenting  leaf  was  antiseptic  toward  putrefaction  bacteria,  and 
that  a  small  portion  of  fresh  beef  which  had  been  contaminated  with 
bacteria,  when  wrapped  in  the  fermenting  tobacco  leaf,  kept  sweet  and 
fresh  for  many  days  after  a  similar  piece  of  inoculated  meat,  left  exposed 
to  the  air.  or  wrapped  in  fresh  tobacco  leaf  had  become  rotten  and 
putrid. 

Dr.  Loew  shows,  furthermore,  that  from  the  conditions  of  the  fer- 
mentation it  is  impossible  to  conceive  of  nutritive  matters  being  sup- 
plied from  the  inside  of  the  cell  for  the  snpport  of  bacteria  on  the 
outside  of  the  leaf,  and  he  shows  also  that  where  an  excess  of  moisture 
is  present,  so  that  this  nutritive  solution  is  brought  out  on  to  the 
exterior  part  of  the  leaf  and  conditions  favorable  to  bacterial  growth 
are  provided,  that  the  cell  walls  are  broken  down  and  the  texture  of 
the  leaf  is  entirely  destroyed.  It  appears,  therefore,  from  his  investi- 
gations that  bacterial  fermentation  plays  no  important  part  in  the 
development  of  the  fine  flavor  and  aroma  of  the  tinished  leaf. 

His  investigations  show  that  both  the  curing  and  fermentation  of 
tobacco  are  caused  mainly  by  an  oxidizing  enzym,  or  rather  by  two 
different  enyzyms.  one  of  which,  the  most  active,  he  calls  oxidase  and 
the  other  peroxidase.  The  oxidizing  enzyms  belong  to  a  class  of  bodies 
whose  importance  in  the  role  of  plant  life  and  in  the  physiological 
changes  in  plant  cells  has  only  recently  been  recognized.  They  are 
related  to  what  were  formerly  called  the  soluble  ferments,  represented 
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by  diastase,  which  is  the  active  agent  iii  the  malt  fermentation.  A  clear 
conception  of  the  office  of  these  enzyms  can  possibly  be  obtained  from 
the  somewhat  analogous  case  of  purely  mineral  compounds.  Wood 
oxidizes  much  more  rapidly  around  a  rusty  nail  than  on  mere  exposure 
to  the  weather.  The  wood  actually  disappears  from  around  the  nail 
leaving  a  hole  of  considerable  size.  There  is  a  slow  oxidation  of  wood 
wherever  it  is  exposed  to  the  weather,  as  seen  in  the  gradual  oxidation 
and  disappearance  of  boards  and  logs.  In  the  case  of  the  rusty  nail. 
however,  the  oxidation  is  much  faster  than  in  the  free  air;  for  tbe  wood 
is  able  to  take  up  oxygen  in  the  presence  of  iron  oxide  much  easier  than 
it  can  take  on  the  free  oxygen  of  the  air. 

It  is  supposed  that  this  is  the  case  also  with  the  oxidizing  enzyms. 
They  simply  act  as  agents  for  supplying  oxygen  to  the  substance  of  tbe 
leaf,  and  in  this  process  they  may  or  may  not  suffer  any  sort  of  destruc- 
tion or  impairment  in  themselves. 

To  show  the  extraordinary  power  and  vitality  of  these  agents  it  may 
be  said  that  one  part  of  diastase  will  convert  two  thousand  parts  of 
starch  into  sugar. 

The  enzyms  are  a  part  of  the  protoplasm  of  the  plant  cell,  having  a 
highly  complex  molecular  arrangement,  upon  which  depends  the  life 
and  activities  of  the  enzym.  Of  the  two  oxidizing  enzyms  found  by 
Dr.  Loew  in  the  Florida  tobacco  the  most  active,  that  is  the  oxidase,  is 
destroyed  at  a  temperature  of  152°  F.  (66°  C).  At  this  temperature 
the  substance  is  changed  into  the  ordinary  form  of  protein.  On  the 
other  hand,  the  peroxidase  is  destroyed  at  a  temperature  of  190°  F. 
(88°  C). 

As  a  rule,  the  formation  of  these  enzyms  is  increased  when  a  leaf  is 
slowly  starving  to  death,  either  through  lack  of  nourishment  or  through 
lack  of  water  supply,  as  when  the  plant  is  cut  and  hung  up  in  the  barn. 
When  the  plant  is  hung  up  for  the  barn  cure,  and  the  leaf  dries  out 
very  slowly,  as  it  should,  the  enzyms  probably  increase  in  the  first 
stage  of  starvation,  although  this  has  not  been  definitely  determined. 

In  the  early  stage  of  curing  the  enzyms  may  push  out  from  the  pro- 
toplasm in  order  to  collect  food  material  for  the  starving  cell.  In  this 
way  the  enzyms  become  well  distributed  in  the  cell,  and  are  after- 
wards capable  of  oxidizing  the  cell  contents  in  the  fermentation  pile. 
On  the  other  hand,  if  the  leaf  is  quickly  killed  by  sudden  drying  in  a 
warm,  dry  wind,  the  enzyms  have  no  opportunity  of  developing  or  of 
moving  out  from  the  protoplasm.  They  are  liable  to  be  entangled  in 
the  insoluble  protein  in  this  latter  case,  and  afterwards  the  leaf  on 
being  moistened  is  no  longer  able  to  go  through  the  fermentation  prop- 
erly, as  the  enzyms  can  not  be.  dissolved.  This  is  the  reason  why  it  is 
necessary  to  prolong  the  life  of  the  leaf  in  the  curing  shed  and  allow 
the  curing  to  proceed  gradually.  The  loss  of  water  must  be  gradual  to" 
insure  a  slow  starvation  of  the  leaf. 

The  leaf  must  thus  be  kept  moist  for  a  considerable  time  after  it  is 
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cut  and  while  the  curing  is  slowly  progressing  to  promote  these  impor- 
tant chemical  and  physiological  changes  which  are  necessary  for  the 
proper  development  of  the  flavor  and  aroma  during  the  curing  and  the 
after-fermentation  period.  If  the  leaf  is  too  moist,  however — that  is, 
if  there  is  any  water  allowed  to  stand  on  the  leaf,  as  in  very  foggy, 
damp,  weather,  or  in  a  forced  curing  where  there  is  insufficient  ventila- 
tion to  carry  off  the  moisture  and  to  prevent  condensation  on  the  sur- 
face of  the  leaf,  the  cell  contents  may  actually  be  dissolved  and  brought 
out  on  the  exterior  surface  of  the  leaf  and  serve  in  this  diluted  state 
as  a  nutrient  solution  for  the  growth  of  bacteria  and  various  forms  of 
fungi,  which  may  entirely  destroy  the  structure  of  the  leaf.  Hence 
the  presence  of  too  much  water  is  the  cause  of  various  destructive 
diseases,  such  as  pole  rot.  case  mold,  aud  the  various  other  troubles 
which  are  liable  to  develop  in  the  curing  shed  aud  in  the  case  or  bulk 
fermentation. 

The  rational  mode  of  preventing  these  troubles  is  thus  made  clearly 
apparent.  The  curing  must  go  on  slowly,  but  there  must  be  no  actual 
standing  water  on  the  leaf  to  dissolve  out  the  nutrient  substances  of 
the  cell  and  permit  of  bacterial  and  fungous  development. 

We  see  clearly  now,  also,  the  importance  of  the  proper  moisture  con- 
dition of  the  tobacco  in  the  fermentation  pile.  The  leaf  must  have 
sufficient  moisture  of  imbibition  to  insure  the  solutiou  of  the  enzyms, 
and  water  should  not  be  allowed  to  stand  for  any  length  of  time  on  the 
surface  of  the  leaf,  nor  should  there  be  an  excess  of  water  in  the  leaf 
which  would  bring  the  nutrient  matters  outside  the  cell  to  support 
bacterial  or  fungous  growth,  otherwise  the  same  troubles  will  occur  as 
in  the  curing  process,  and  the  leaf  will  be  liable  to  be  injured  or  entirely 
destroyed. 

The  significance  of  the  figures  given  for  the  moisture  content  of  the 
Florida  tobacco  becomes,  therefore,  very  great,  namely,  that  there  must 
be  at  least  20  per  cent  of  water  present  in  order  to  bring  the  enzyms 
into  proper  condition,  and  in  order  also  that  the  leaf  shall  be  pliable 
so  as  not  to  be  injured  in  the  handling.  An  amount  of  water  equal  to 
about  23  or  24  per  cent  seems  to  be  the  most  favorable  amount,  but  26 
per  cent  was  an  excess  and  favored  bacterial  and  fungous  changes 
which  injured  the  leaf  to  a  certaiu  extent. 

The  heavy  filler  leaf,  which  it  is  intended  to  put  through  a  hard  fer- 
mentation, is  given  all  the  water  it  can  possibly  stand,  while  the  light 
wrappers  are  given  just  as  little  as  will  possibly  insure  a  slow  fermen- 
tation. 

If  the  tobacco  when  ready  to  be  bulked  down  is  not  in  proper  case, 
or  order,  it  must  be  wet'  artificially  in  order  to  bring  the  water  content 
up  to  the  desired  amount.  There  are  several  ways  of  applying  this 
water.  With  the  commoner  kinds  of  tobacco  the  butts  are  dipped  into 
a  pail  of  water  or  of  petuning  liquid  and  vigorously  shaken  in  order  to 
draw  the  water  up  into  the  leaves  by  centrifugal  motion.     This  is  the 
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quickest  and  cheapest  way  of  wetting  the  leaf,  but  it  can  not  be  recom- 
mended for  general  use  with  tobacco  of  good  quality,  as  it  is  apt  to 
spot  the  leaf  and  rot  the  stem. 

There  are  various  forms  of  syringes  and  blow  cans  with  which  water, 
or  the  petaniug  fluid,  is  delivered  in  a  fine  spray  on  the  tobacco  as  the 
"hands"  are  vigorously  shaken.  In  some  warehouses  a  room  is  fitted 
ap  for  the  purpose  of  getting  the  tobacco  into  proper  condition. 
Steam  jets  and  water  jets,  throwing  a  very  fine  spray,  are  arranged 
around  the  room  and  the  tobacco  is  shaken  in  these  sprays  until  in  the 
proper  condition  for  bulking.  Lastly,  steam  itself  is  used  as  being 
one  of  the  quickest  and  best  ways  of  bringing  the  tobacco  into  proper 
condition.  Jets  of  steam  are  allowed  cO  blow  out  into  the  warehouse 
to  keep  the  air  extremely  humid  and  the  tobacco  is  simply  turned  over 
occasionally  in  this  moist  atmosphere. 

Some  dealers  insist  that  it  is  necessary  to  add  water  to  the  leaves  in 
all  cases,  but  this  is  clearly  not  necessary  in  the  case  of  wrappers. 
Wrapper  leaves  sweated  with  the  least  possible  amount  of  water  and 
the  lowest  temperature,  in  which  the  fermentation  is  slow  and  long 
continued,  are  in  the  greatest  demand  at  present  by  the  manufacturers 
and  bring  the  best  prices. 

TEMPERATURE    CHANGES    IN    THE    FERMENTING    FLORIDA    TOBACCO. 

The  bulks  are  built  up  for  fermentation  by  laying  the  tobacco  down 
evenly  with  the  leaves  well  straightened  out  and  with  the  butts  toward 
the  outside  of  the  pile.  Usually  headboards  are  used  to  keep  the  pile 
straight,  or  the  pile  may  be  built  against  the  wall.  If  the  floor  is  of 
cement  it  is  well  to  have  raised  platforms  under  each  pile,  especially 
where  artificial  heat  is  used,  in  order  to  secure  a  free  circulation  of 
warm  air  around  the  bulk.  A  layer  of  heavy  paper  is  usually  put 
upon  the  floor  or  upon  the  platform  and  the  tobacco  piled  on  this.  As 
the  fermentation  proceeds  very  slowly  on  the  bottom  it  is  usual  to  put 
some  previously  fermented  and  moistened  leaf  immediately  at  the  bot- 
tom of  the  pile.  This  may  be  trash  and  old  stuff  which  has  no  com- 
mercial value.  The  bulks  are  of  various  sizes  according  to  the  amount 
of  tobacco  and  the  dimensions  of  the  building,  but  they  usually  aver- 
age about  5  feet  wide,  12  feet  long,  aud  from  6  to  8  feet  high. 

It  is  difficult  to  ferment  properly  a  small  quantity  of  leaf,  and  this 
operation  should  not  be  attempted  with  less  than  1,000  pounds  of 
tobacco.  In  building  up  the  bulk  any  excessive  pressure  should  be 
avoided  in  the  first  stages  of  curing,  the  "hands"  are  laid  on  from  the 
outside  and  simply  pressed  firmly  together.  The  pile  naturally  sin 
somewhat  as  it  stands,  and  more  tobacco  can  be  put  on  top  witi  n 
twenty-four  hours  if  it  is  considered  advisable.  After  the  bulk  is  com- 
pleted it  is  well  to  cover  it  with  blaukets  or  burlaps  in  order  to  protect 
the  tobacco  from  drying  out.    This  is  more  convenient  and  neater  than 
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where  old  tobacco  is  thrown  over  the  top  and  sides,  as  is  frequently 
done. 

The  temperature  of  the  room  should  be  maintained  uniformly  at 
from  70°  F.  (21°  C.)  to  80°  F.  (27°  O.)  during  the  active  fermentation, 
and  should  be  dropped  to  from  60°  F.  (16°  0.)  to  70°  F.  (21°  C.)  for  the 
so-called  "cold  fermentation,"  when  the  tobacco  is  simply  waiting  to 
be  sorted.  The  relative  humidity  of  the  room  during  the  fermentation 
should  be  maintained  at  80  or  90  per  cent,  although  it  may  occasionally 
run  up  to  100  per  cent. 

With  these  conditions  maintained  in  the  room  and  with  the  proper 
amount  of  moisture  in  the  tobacco,  namely,  about  23  or  24  per  cent, 
the  temperature  in  the  middle  of  the  pile  should  at  once  begin  to  rise 
at  the  rate  of  from  8°  F.  to  10°  F.  per  day.  In  the  case  of  filler  leaf 
the  temperature  is  allowed  to  run  up  to  130°  F.  (55°  C.)  or  140°  F. 
(60°  C),  which  should  be  attained  in  from  four  to  six  days  after  the 
bulk  is  put  up.  It  seems  probable  that  140°  F.  (60°  O.)  is  rather  too 
high  and  that  from  130°  F.  (55°  O.)  to  135°  F.  (57°  O.)  is  tbe  proper 
maximum  to  be  allowed  lor  ordinary  crops.  When  this  temperature  is 
reached,  the  pile  is  immediately  turned  or  rebuilt,  transferring  that 
which  is  at  the  top  to  the  bottom  of  the  new  pile.  The  temperature 
of  the  bulk  should  immediately  begin  to  rise  again  and  should  attain 
about  the  same  or  even  a  higher  temperature,  but  the  rate  will  be 
slower,  so  that  the  second  turning  will  not  be  necessary  for  from  six 
to  ten  days  from  the  time  the  bulk  is  turned.  The  bulk  is  usually 
turned  from  six  to  eight  times  before  the  fermentation  is  complete,  and 
each  time  it  is  turned  the  leaves  are  shaken  out  so  that  they  shall  not 
mat  together. 

The  rate  por  day  at  which  the  temperature  rises  is  determined  by  the 
amount  of  moisture  in  the  tobacco.  In  some  piles  examined  the  tem- 
perature rose  14°  F.,  or  even  18°  F.,  per  day,  but  this  was  considered 
too  fast,  and  the  tobacco  was  found  to  contain  27  per  cent  of  water. 
It  would  have  been  injured  had  it  not  been  that  the  leaf  had  extraordi- 
narily good  body. 

The  wrapper  leaves  are  put  into  the  bulk  in  a  drier  condition;  the 
temperature  does  not  rise  quite  so  rapidly — probably  from  6°  F.  to  8° 
F.  per  day— and  it  is  not  allowed  to  go  higher  than  from  110°  F.  (43° 
C.)  to  120°  F.  (49°  C).  No  definite  figures  can  be  given  for  this  wrap- 
per fermentation,  as  we  were  unable  to  secure  records  from  a  wrapper 
bulk  in  the  first  stages  of  fermentation.  The  wrappers  are  usually  fer- 
mented first,  and  when  these  investigations  were  undertaken  the  main 
part  of  the  wrapper  crop  at  Quincy  had  already  been  fermented,  and  the 
iller  crop  was  being  handled.  The  wrapper  leaf  was  at  that  time  in  bulk, 
oi  g  through  what  is  called  the  "cold  sweat, v  or  the  after  fermenta- 
tion, in  which  the  temperature  rises  slowly  and  gradually  to  about  10° 
F.  above  the  room  temperature,  and  then  very  gradually  cools  off,  and 
no  further  action  occurs.  The  bulk  is  held  in  this  condition,  nioder- 
19643— No.  60 2 
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ately  dry  and  cool,  until  it  is  assorted  and  graded  into  different  lengths 
and  shades,  after  which  it  is  immediately  baled. 

The  accompanying  table  gives  the  record  of  the  air  temperature  and 
the  relative  humidity  in  one  of  the  fermenting  rooms  in  which  the 
investigations  were  carried  on.  A  chart  is  also  given,  showing  a  dia- 
grammatic representation  of  the  same  data. 

Temperature  and  relative  humidity  in  the  fermenting  room. 


Date. 


Nov.  26 


Dec. 


Time. 


p.m. 
p.m. 
a.m. 
a.m. 
a.m. 
p.m. 
a.m. 
p.m. 
a.m. 
p.m. 
a.  m. 
p.m. 
a.m. 
p.m. 
a.m. 
p.m. 

m. 
a.m. 

m. 


Tempera- 
ture (de- 
grees F.). 

Relative 
humidity. 

Per  cent. 

70.0 

79 

70.5 

78 

50.0 

76 

60.0 

75 

63.2 

82 

67.5 

100    : 

71.5 

91 

70.0 

95   I 

66.0 

75 

76.5 

78 

76.0 

63    ' 

81.0 

84   i 

77.5 

78   1 

83.5 

100   1 

84.0 

100 

83.5 

80    I 

78.0 

99    ! 

63.0 

98    1 

72.0 

70.0 

81 

Date. 


Dec.    6  ... 

8  a.m. 
1  p.m. 
6  p.  m. 

7 

8 

12  m. 
5  p.m. 
8  a.  m. 

9 

12  m. 
5  p.m. 

10 

12  m. 
5  p.m. 

12 

4  p.  m. 

7a.m. 

13 

12  m. 
5  p.  m. 

14 

7  a.m. 

Time. 


Tempera- 
ture (de- 
grees F.). 


72.5 
65.7 
58.0 


Relative 
humidity. 


Per  cent. 

62.5 

87 

70.0 

69.5 

72 

65.0 

77 

68.5 

68.0 

98 

66.0 

76 

70.0 

70.6 

87 

64.0 

91 

63.0 

67.7 

98 

58.5 

54 

60.0 

84 

61.0 

85 

64.0 
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Fig.  1.— Temperature  and  relative  humidity  in  a  packing-house  at  Quincy,  Fla.,  Nov.  26-Dec.  12. 
Broken  line  represents  temperature  in  degrees  F.  Solid  line  relative  humidity  in  per  cent.  Numbers 
on  left  stand  for  both. 

Sunday,  November  27,  was  an  exceptionally  cold  day  for  that  locality, 
and  the  temperature  of  the  warehouse  got  down  to  50°  F.  (10°  C.J.  It 
appears  from  our  observations  and  from  the  statements  made  by  the 
warehousemen  that  the  temperature  of  the  room  should  range  between 
70o  p.  (2io  c.)  and  8(P  F.  (27°  .0.)  to  provide  the  most  favorable  condi- 
tions for  the  fermentation.  Where  the  room  temperature  went  much 
below  70°  F.  (21°  0.)  the  progress  of  the  fermentation  was  evidently* 
checked.  The  temperature  and  relative  humidity  of  the  rooms  were 
taken  with  a  sling  psychrometer  loaned  by  the  Weather  Bureau. 
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The  temperature  records  of  the  inside  of  the  tobacco  piles  were  taken 
with  an  electrical  thermometer,  which  will  be  described  in  a  subsequent 
bulletin  of  the  Division  of  Soils.  With  this  instrument  a  small  coil  of 
very  line  iron  wire,  properly  insulated,  is  inclosed  in  a  lead  pipe,  the 
outer  end  of  which  projects  beyond  the  bulk,  the  coil  being  well  within 
it.  Two  wires  lead  up  to  the  measuring  instrument,  which  is  carried 
from  bulk  to  bulk  and  attached  to  the  wires  each  time  the  temperature 
observations  are  to  be  taken.  This  gives  a  very  convenient  and  accu- 
rate means  of  determining  the  temperature  of  the  inside  of  the  bulk 
without  disturbing  the  tobacco  in  any  way,  as  would  have  to  be  done 
in  the  use  of  ordinary  thermometers.  With  a  single  measuring  instru- 
ment any  number  of  these  temperature  coils  could  be  observed  in  dif- 
ferent bulks  and  in  different  houses  not  too  far  apart.  One  of  the  best 
records  that  was  obtained  in  Florida  was  from  a  bulk  of  mixed  wrappers 
and  fillers  which  was  fermented  as  filler  leaf  in  one  of  the  warehouses 
in  Quincy. 

The  following  table  gives  the  temperature  records  of  this  bulk.  On 
December  1  when  the  coil  was  put  in  the  temperature  was  740  F. 
(23°  C.) ;  on  December  7  the  temperature  was  136°  F.  (58°  C).  This  is 
a  rise  of  about  10°  F.  per  day.  The  bulk  was  then  turned  and  the 
temperature  fell  to  77°  F.  (25°  0.),  and  the  record  was  continued  until 
December  14,  when  the  temperature  was  125°  F.  (52°  0.)  and  was  still 
going  up.  The  bulk  was  not  to  be  disturbed  until  the  temperature  had 
risen  to  about  the  same  temperature  as  formerly,  or  about  135°  F. 
(57°  C),  when  it  was  to  be  turned  over  again  and  the  fermentation 
allowed  to  proceed.  During  this  second  period  the  rise  of  temperature 
was  about  7°  F.  per  day.  In  the  third  period  the  rise  of  temperature 
would  have  been  still  slower.  These  records  are  illustrated  graphically 
in  fig.  2.  This  fermentation  appeared  to  be  normal  and  satisfactory 
for  the  grade  of  tobacco  that  was  being  handled. 

Temperature  of  a  fermenting  pile  of  mixed  wrapper*  and  filers  of  average  quality  Florida- 
grown  Cuban  tobacco. 


Date. 


Dec.   1. 


IVinpera- 
Time.       ture  (de- 
grees F.). 


a.  m. 
p.  m. 
p.  ra. 

a.  in. 
:  m 
p  m. 
a  m 
in. 
p.  in . 
a.  id. 
p.  m . 
a.  m. 
p.  m. 


74.  0 

88.0 

89.5 

9o,5 

96.0 

98.5 

101.0 

119.0 

121.  5 

125  0 

128.5 

132.0 

136.0 

77.0 


Date. 


Dec.   8. 


Time. 


Tempera- 
ture (de- 
grees F.). 


8  a.  m. 

84.0 

12      m. 

87.0 

4  p.  m . 

87.0 

/  a.  m. 

92.0 

11  a.  in. 

94.0 

5  ]>.  m. 

95.0 

8  a.  in. 

102.  0 

12      m. 

103.5 

4  ]>.  ni. 

105.0 

8  a. in. 

116.0 

;>  }).  in. 

118.0 

(i  a.  in. 

120.  0 

.)  p.  in. 

122.  0 

<  a. in. 

125.  0 

a  Bulk  torn  down  ami  rebuilt. 
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-First  and  second  rise  in 


temperature  in  fermenting  bulk  of  mixed  wrappers  and  fillers, 
Florida-grown  Cuban  leaf. 

The  following  table  gives  a  record  from  another  pile  of  the  same 
tobacco  in  the  same  warehouse  through  the  first  rise  in  temperature. 
The  temperature  on  December  7,  when  the  pile  was  first  built  up,  was 
68°  F.  (20°  C),  and  on  December  14  it  was  137°  F.  (58°  0.),  when  the 
pile  was  torn  down  and  rebuilt.  The  temperature  rise  here  was  at  the 
rate  of  about  9°  F.  per  day.  These  figures  are  illustrated  in  chart  3. 
December  11  was  a  very  cold  day,  and  the  warehouse  was  not  properly 
provided  with  heating  pipes,  the  temperature  of  the  room  being  down 
to  50°  F.  (10°  C).  It  can  be  seen  from  the  records  that  this  materially 
checked  the  progress  of  the  fermentation. 

Temperature  of  fermenting  pile  of  mixed  wrappers  and  fillers  of  average  quality  Florida- 
grown  Cuban  tobacco. 


Dec. 


Date. 


Tempera- 

Time. 

ture  (de- 

grees F.). 

4  p.m. 

68.0 

8  a.m. 

69.0 

12  m. 

71.5 

4  p.m. 

72,0 

7  a,  m. 

75.0  | 

11  a.m. 

82.0 

5  p.  m. 

84.0 

8  a.  m. 

91.0  1 

Date. 


Dec.  10. 


Tempera- 

Time. 

ture  (de- 

grees F.). 

12  m. 

94.0 

4  p.m. 

98.5 

8  a.m. 

104.0 

12  m. 

125.0 

5  p.m. 

128.0 

6  a.m. 

131.0 

5  p.m. 

135.0 

7  a.  m. 

a  137.0 

a  Bulk  turned. 
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Fig.  3.— First  rise  in  temperature  in  a  fermenting  bulk  of  mixed  wrapper  and  filler,  Florida-grown 

Cuban  leaf. 
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The  following  record  is  from  a  filler  bulk  which  has  this  history:  It 
had  been  through  the  regular  process  of  fermentation,  the  temperature 
had  risen,  and  the  bulk  had  been  turned  over  a  number  of  times  until 
it  was  nearly  finished.  The  fermentation,  however,  was  not  quite 
finished,  and  yet  the  tobacco  had  dried  out  so  far  that  it  could  not 
proceed.  The  tobacco  was  therefore  moistened  and  bulked  down,  and 
the  following  temperature  records  were  obtained : 

Temperature  of  last  stage  of  fermentation  of  filler  tobacco  after  being  moistened. 


Date. 


Nov.  30.-. 


Dec.    1. 


Tempera- 1 

Time. 

ture  (de- 

grees  F.). 

3  p.  m. 

76.0 

6p.m. 

l  I.  D 

6  a.m. 

85.0    , 

1p.m. 

90.0 

5p.m. 

92.5 

6  a.  m. 

105.0 

12  m. 

110.0 

5p.m. 

115.0 

6  a.m. 

121.0 

12  m. 

122.0 

Date. 


Time. 


Dec.  3 4  p.  m. 

4 i    12m. 

6  a.m. 
12  m. 

4p.  m. 

8  a.m. 
12  m. 

6p.m. 

6  a.m. 
12  m. 


Tempera- 
ture (de- 
grees F.). 


123.0 
126.  0 
126.0 
127.0 
127.0 
123.0 
121.0 
121.0 
118.0 
118.0 


30     1 

2 

3 

4. 

5      6      7 

8 

9 

10     11     12    13     14     15     16 

120° 

v. 
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Fig.  4. — Last  rise  in  temperature  in  filler-bulk.     Tobacco  bad  been  moistened  before  bulking. 

The  temperature  on  November  30  was  76°  F.  (25°  C).  On  Decem- 
ber 5  it  reached  its  maximum  of  127°  F.  (53°  C),  having  risen  about 
10°  F.  per  day.  From  this  point  the  temperature  began  to  fall  slowly, 
the  fermentation  was  complete,  and  from  this  time  the  bulk  was  left 
undisturbed  until  it  was  needed  for  sorting  and  packing.  This  period 
therefore  represents  the  final  sweat,  except  in  this,  that  the  tobacco  had 
been  moistened  and  that  the  rise  of  temperature  was  more  rapid  in  this 
last  period  than  it  would  have  been  had  the  tobacco  not  been  moistened. 

The  following  record  is  from  a  filler  bulk  that  was  too  wet  when  it 
was  bulked  down,  the  tobacco  containing  about  27  per  cent  of  moisture. 
In  two  days  the  temperature  rose  from  85°  F.  (30°  C.)  to  122°  F.  (50°  0.), 
or  at  the  rate  of  over  18°  F.  per  day.  The  cold  weather  of  Sunday, 
December  4,  checked  this  rapid  rise.  On  Monday  the  bulk  was  torn 
down,  the  leaves  shaken  and  dried  out  a  little,  and  replied.  In  five  days 
the  temperature  rose  from  90°  F.  (32°  O.)  to  145°  F.  (63°  C),  or  at  the  rate 
of  a  little  over  10°  F.  per  day.  The  bulk  was  then  turned,  when  the 
rise  in  temperature  was  much  slower,  being  only  about  5°  F.  per  day. 
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This  was  the  last  sweat  given  this  tobacco,  as  it  was  finally  torn  down 
aud  sorted  on  December  16,  or  two  days  after  our  record  ceased. 

Temperature  of  fermenting  pile  of  filler  tobacco  which  was  too  wet  to  start  with. 


Date. 

Time. 

Tempera- 
ture (de- 
grees F.). 

Date. 

Time. 

Tern-      - 

tur 

gr 

Dec.  1 

4  p.m. 
6  a.  m. 

12  m. 

5  p.m. 

6  a.  m. 
12  m. 

7  a.m. 
1  p.  m. 
4  p.  in. 

8  a.m. 
1  p.m. 
6  a.m. 

12  m. 
4  p.m. 

85.0 
109.0 
114.5 
118.0 
121.0 
122.0 
al\l.  0 
90.0 
95.0 
111.0 
116.0 
129.0 
123.0 
125.0 

Dec.  8 

8  a.  m. 
12  m. 
4p.m. 

6  a.m. 
12  m. 

5  p.m. 
8  a.m. 
12  m. 

7  a.m. 
12  m. 

5  p.m. 

6  a.m. 
5  p.  m. 

7  a.m. 

130.0 
135.0 
136.5 
140.0 

2 

9 

i 

3 

10 

141  0 

5 

142.0 
a  145  0 

12 

81.0 
87  0 

6 

13 

87  5 

7 

89.0 
92.0 
97.0 
100.0 

14 

a  Bulk  rebuilt. 
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Fig.  5.— Temperature  changes  In  fermenting  pile  of  filler  tobacco  which  contained  too  much  water  at 

the  beginning. 

The  tobacco  was  a  very  strong,  rather  heavy  leaf,  so  that  the  excess 
of  moisture  (27  per  cent)  and  the  very  rapid  rise  of  temperature  at  the 
start,  which  was  checked  by  cold  weather  aud  by  turniug  the  bulk,  did 
not  iujure  the  leaf,  as  it  would  have  done  if  the  leaf  had  been  of  a  finer 
grade  and  texture.  This  record  shows  the  whole  operation  of  the  fer- 
mentation of  this  particular  lot  of  tobacco,  but  it  does  not  represent 
the  most  intelligent  or  the  most  careful  method  of  fermentation  as 
practiced  in  Florida. 

As  already  stated,  the  best  grades  of  wrapper  leaf  had  been  carried 
through  the  priucipal  fermentation  before  these  investigations  had 
been  taken  up  at  Quincy.  The  best  we  could  do  was  to  secure  records 
from  some  of  the  mixed  bulks  of  wrappers  aud  fillers. 

Eecords  were,  however,  obtaiued  of  temperature  changes  in  two 
bulks  of  a  very  fine  grade  of  wrapper  leaf,  which  had  been  carefully  fer- 
mented and  which  had  just  been  bulked  down  as  dry  as  possible  to 
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age  in  the  bulk  rather  than  in  the  bale. 
records  from  these  two  bulks: 


The  following  table  gives  the 


Aging  of  ike  finest  quality  of  Florida-grown  Sumatra  wrappert 

until  it  is  sorttd. 


Tobacco  will  h>   left  h 


Date. 


Time. 


Nov.  28. 
29. 


Dec. 


Tempera- 
ture (de 
grees  F.). 


Date. 


Time. 


11  a.  m. 
1  p.m. 

5  p.  m. 

7  a.  m. 

11  a.m. 
6p.m. 

6  a.  m. 

12  m. 

6  p.m. 
1  p.  m. 

5  p.m. 
6a.m. 

12  m. 
5p.m. 

6  a.m. 
12  m. 

4  p.m. 
12  m. 

6  a.m. 
12  m. 

4  p.m. 

8  a.m. 
lp.m. 
6p.m. 


61.0 
63.5 
65.  u 
67.0 
67.0 
67.5 
67.5 
68.0 
69.0 
69.0 
70.0 
71.0 
71.0 
72.0 
74.0 
74.0 
75.0 
78.0 
80.0 
82.  0 
82.0 
84.0 
84.0 
84.0 
82.0 


12  m. 

81.5 

8  a.m. 

81.0 

12  m. 

81.5 

op.m. 

81.0 

6  a.  in. 

80.0 

12  m. 

80.0 

op.m. 

81.0 

8  a.m. 

82.0 

4p.m. 

81.5 

.  a.  m. 

80.0 

12  in. 

79.0 

o  p.  m. 

77.5 

6  a.m. 

77.  0 

i  a.m. 

77.  0 

Tempera- 
ture (de- 
grees F.). 


Xov.  30 12  m. 

2  p.  in. 
6  p.m. 

De<\      ] lp.m. 

5  p.m. 

2 6a.m. 

12  m. 
5  p.m. 

3 6  a.m. 

12  m. 
4  p.m. 

4 J 12m. 

5 6  a.m. 

12  m. 

4  p.m. 
6 8a.m. 

1  p.m. 
6p.m. 

7 6  a.m. 

12  m. 

5  p.  m. 
8 8  a.m. 

12  m. 
5  p.  m. 

9 6a.m. 

12  m. 
5  p.m. 
10 8a.m. 

4  p.m. 
1- 7  a.  m. 

12  m. 

5  p.  m. 

13 6a.m. 

14 7a.m. 


66.0 
66.5 
73.0 
76.5 

76.5 
72.0 
72.5 
72.0 
74.5 
75.0 
75.  5 
78.5 
81.0 
83.5 
84.0 
85.0 
85.0 
86.5 
86.5 
87.0 
86.5 
86.5 
87.  0 
86.  0 
85.0 
85.0 
87.0 
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Fig.  6.— Temperature  changes  in  two  bulks  of  finest  quality  Florida-grown  Sumatra  wrapper  leaf 

during  the  aging. 


It  will  be  seen  that  the  temperature  in  these  piles  rose  slowly  and 
very  gradually  until  the  middle  of  the  piles  was  about  10°  F.  higher 
than  the  room  temperature,  after  which  the  piles  seemed  to  cool  off 
gradually  until  they  attained  about  the  room  temperature.  At  this 
stage  of  the  operation  the  tobacco  was  dry  for  handling,  containing 
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about  20  per  cent  of  moisture.  The  tobacco  was  held  in  these  piles 
until  it  was  to  be  sorted  and  packed,  several  months  perhaps  after  the 
bulk  had  been  built  up. 

When  the  time  came  to  handle  this  leaf,  in  order  to  bring  it  into 
proper  u  case,"  it  was  bulked  down  with  wet  fillers  and  allowed  to 
remain  for  two  or  three  days,  to  absorb  the  moisture  and  to  "  draw,"  as 
the  term  is.  The  rise  in  temperature  was  very  marked.  The  stripper 
leaf  was  made  quite  wet,  in  order  that  it  should  impart  the  needful 
amount  of  moisture  to  the  wrappers. 

Temperature  changes  in  fermenting  piles  of  Florida-grown  Sumatra  wrapper,  bulked  with 
wet  strippers,  to  bring  the  leaf  in  proper  case  for  the  sorting  table. 
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Fig.  7.— Temperature  changes  in  two  piles  of  Florida-grown  Sumatra  wrapper  leaf,  bulked  with  wet 
strippers,  to  bring  the  leaf  in  case  of  sorting. 


Dr.  Loew's  investigations  showed  that  in  the  Florida  tobacco  which 
had  been  carried  through  the  fermentation  the  oxidase  was  almost 
completely  used  up  and  the  amount  of  peroxidase  was  materially 
diminished  j  in  the  filler  leaf  which  had  been  through  the  bale  sweat 
and  had  properly  aged  and  mellowed  for  two  years  both  the  oxidase 
and  peroxidase  had  disappeared.  This  is  probably  a  very  important 
and  very  significant  observation,  as  showing  that  the  full  oxidizing 
power  of  the  leaf  had  been  used  up,  most  of  it  in  the  active  fermenta- 
tion and  the  remainder  in  the  aging  or  bale  sweat. 
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TEMPERATURE    CHANGES    IN    FERMENTING    PILES   OF    CONNECTICUT 

TOBACCO. 

After  securing  these  records  of  the  moisture  content  aud  the  temper- 
ature changes  in  the  fermenting  piles  of  Florida  tobacco,  Dr.  E.  H. 
Jenkins,  of  the  Connecticut  Experiment  Station,  secured  about  1,500 
pounds  of  good  wrapper  leaf  from  the  Poquonock  experiment  fields  to 
ferment  after  the  manner  practiced  in  Florida.  He  had  previously 
bulked  down  about  1,000  pounds  of  "seconds,"  and  had  reported  that 
the  highest  temperature  attained  by  the  bulk  was  about  102°  F.  (39°  C). 
With  the  information  in  regard  to  the  Florida  conditions,  however,  we 
attempted  to  force  the  sweat  of  the  " seconds'7  by  wetting  up  the 
tobacco  in  the  way  practiced  in  Florida.  The  "seconds''  had  dried  out 
somewhat  in  the  previous  fermentation  and  the  leaves  were  moistened 
with  fine  spray  and  shaken  out  well,  and  when  they  were  bulked  down 
they  contained  about  27  per  cent  of  water,  which  was  above  the  aver- 
age water  content  of  the  Florida  leaf.  The  wrappers  had  about  the 
same  amount  of  water  without  any  artificial  wetting  and  were  in  high 
case  for  fermentation,  according  to  the  Florida  standards. 

A  basement  room  was  fixed  up  with  steam  pipes  and  provision  made 
for  the  escape  of  steam  into  the  room.  It  was  found  quite  possible, 
even  in  the  coldest  weather,  to  maintain  a  temperature  of  at  least  80°  F. 
(27°  G.)  and  a  relative  humidity  of  at  least  80  per  cent.  For  nearly  three 
weeks  the  maximum  temperature  of  the  room  varied  between  79°  F. 
(26°  C.)  and  92°  F.  (33°  C),  and  the  minimum  temperature  between  76°  F. 
(25°  O.)  and  88°  F.  (33°  C).  The  relative  humidity  varied  between  72  per 
cent  and  100  per  cent,  and  was  on  the  average  about  80  per  cent.  The 
room  conditions  were  therefore  maintained  according  to  the  Florida 
standards. 

The  tobacco  was  put  into  two  good-sized  bulks,  the  1,500  pounds  of 
wrappers  in  one  bulk  and  the  1,000  pounds  of  "seconds"  in  the  other. 
Some  old  tobacco  was  put  at  the  bottom  of  each  bulk  and  the  bulks 
were  covered  with  blankets,  which  were  kept  moist.  The  wrapper  leaves 
were  bulked  down  on  January  13,  and  the  temperature  of  the  middle 
of  the  pile  was  65°  F.  (18°  0.).  On  January  18  the  bulk  had  a  tem- 
perature of  91°  F.  (33°  0.),  indicating  a  rise  of  about  5°  F.  per  day, 
and  as  the  room  temperature  on  the  18th  was  on  the  average  about  87° 
F.  (31°  C.)  and  had  been  held  so  for  four  days,  the  temperature  of  the 
pile  was  hardly  more  than  4°  F.  above  the  temperature  of  the  room. 
As  the  temperature  of  the  bulk  was  going  up  so  slowly  the  bulk  was 
torn  down  and  rebuilt.  This  was  done  partly  to  examine  the  tobacco 
and  see  what  condition  it  was  in,  and  partly  to  see  if  the  exposure  to 
the  air  in  handling  the  tobacco  would  excite  a  more  rapid  fermentatiou. 
By  January  22  the  temperature  of  the  pile  was  99°  F.  (32°  C),  about 
11°  F.  higher  than  the  mean  temperature  of  the  room.  The  average 
rise  of  temperature  for  the  four  days  was  but  3°  F.  per  day.  The  tem- 
perature remained  constant  thereafter,  and  in  fact  dropped  to  97°  F. 
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(36°  C),  when  on  January  27  the  bulk  was  again  torn  down  in  order  to 
see  what  the  effect  would  be.  The  temperature  again  rose  very  gradu- 
ally, until  on  February  3  it  was  90°  F.  (32°  C),  or  about  8°  F.  higher 
than  the  mean  temperature  of  the  room.  The  rise  in  temperature  for 
this  third  period  of  the  fermentation  was  about  1°  F.  per  day. 

The  work  with  the  pile  of  "seconds"  gave  the  same  results.  The 
temperature  rose  at  the  rate  of  about  4°  F.  per  day  until  a  temperature 
of  100°  F.  (38°  0.)  was  attained,  after  which  it  gradually  fell,  and  on 
February  3  the  temperature  of  the  pile  was  85°  F.  (29°  C),  while  the 
mean  temperature  of  the  room  was  81°  F.  (27°  C). 

These  results,  which  will  be  reported  in  more  detail  by  Dr.  Jenkins, 
were  surprising  and  somewhat  disappointing.  It  was  evidently  clearly 
impossible  to  force  the  fermentation  of  this  tobacco,  as  was  done  in  the 
Florida  leaf.  Under  exactly  the  same  conditions  the  Florida  tobacco 
would  have  increased  in  temperature  at  the  rate  of  about  10°  F.  per 
day  up  to  at  least  130°  F.  (55°  0.),  when  it  would  have  been  necessary 
to  turn  over  the  pile  in  order  to  check  the  fermentation.  The  tempera- 
ture of  the  Connecticut  tobacco  could  not  be  forced  up  beyond  100°  F. 
(38°  G.)  or  102°  F.  (39°  C),  when  it  would  gradually  subside.  After 
opening  up  the  pile  and  allowing  the  leaves  to  come  into  contact  with 
the  air  it  would  heat  up  again  more  slowly  than  before  and  to  a  lower 
maximum  temperature. 

The  process  of  fermentation  seemed  to  be  normal  so  far  as  it  went. 
There  was  the  same  evolution  of  ammonia  as  in  the  Florida  leaf  and 
much  pungent  matter  characteristic  of  the  Connecticut  seed  leaf  was 
thrown  off,  but  it  did  not  seem  as  though  the  oxidizing  power  of  the 
leaf  was  sufficient  to  drive  off  all  of  this  class  of  substances  which  it  is 
desirable  to  expel  from  the  Connecticut  leaf  in  order  to  get  rid  of  the 
peculiar  "  seed  flavor,''  which  is  so  marked  a  feature  of  the  Connecticut 
tobacco. 

The  whole  matter  was  then  referred  to  Dr.  Loew.  It  will  be  remem- 
bered that  Dr.  Loew  found  in  the  Florida  leaf  that  there  were  two 
kinds  of  oxidizing  enzyms.  The  most  active  of  these  he  called  the 
oxidase.  This  is  an  exceedingly  active  oxidizing  agent  but  it  is  easily 
destroyed,  that  is,  converted  into  ordinary  protein.  It  is  destroyed  at 
a  temperature  of  about  152°  F.  (66°  C),  or  by  traces  of  various  sub- 
stances which  do  not  affect,  or  only  very  slightly  affect,  the  peroxidase, 
which  is  decidedly  weaker  in  its  oxidizing  power  but  which  is  much 
more  stable.  In*  the  Florida  leaf  both  of  these  were  present  in  abun- 
dance in  the  cured  leaf  as  it  comes  from  the  barn.  Tbey  both  disappear 
to  a  marked  degree  on  sweating,  and  finally  they  are  not  found  at  all 
in  the  leaf  that  has  been  through  the  bale  sweat  and  has  aged  for  a 
couple  of  years. 

The  barn-cured  leaf  from  Connecticut  contained  none  of  the  oxidase;' 
that  is,  the  most  active  ferment.  It  did,  however,  contain  a  consider- 
able amount  of  peroxidase.    In  the  "  seconds,"  which  had  been  once 


fermented  and  afterwards  moistened  and  resweated,  there  was  none  of 
the  oxidase  and  only  a  trace  of  the  peroxidase,  so  that  this  oxidizing 
agent  was  evidently  used  up  in  the  course  of  the  fermentation.  Finally, 
in  a  sample  of  wrapper  from  the  crop  of  1897,  which  had  been  fermented 
by  the  usual  process  of  the  "case  sweat,''  there  was  none  of  the  oxidase 
and  only  a  faint  trace,  practically  none  at  all,  of  the  peroxidase.  So  it 
seems  as  though  the  peroxidase  was  completely  destroyed  when  the 
fermentation  has  been  completed  and  the  tobacco  has  properly  aged. 

This  discovery  unquestionably  shows  the  reason  why  it  was  impos- 
sible to  force  the  fermentation  of  the  Connecticut  leaf  by  the  same 
methods  and  under  the  same  conditions  as  practiced  in  Florida. 

It  was  important  to  explain  this  phenomenal  difference  between  the 
Connecticut  and  Florida  leaf.  Fortunately  Dr.  Jenkins  had  taken  up 
a  tobacco  root  during  the  previous  summer,  potted  it,  and  kept  it  in 
the  greenhouse  for  some  investigations  of  his  own.  This  plant  was 
turned  over  to  Dr.  Loew,  and  he  found  quantities  of  the  oxidase  in  the 
leaves  and  stalk.  Evidently,  therefore,  the  green  Connecticut  plant 
has  the  same  oxidizing  enzyms  present  as  the  Florida  plant,  but  in 
some  way  between  the  time  the  plant  is  cut  in  the  field  and  the  time  it 
comes  out  of  the  curing  shed  the  active  ferment,  the  oxidase,  is  lost. 
It  may  be  owing  to  the  period  at  which  the  tobacco  is  cut,  the  condi- 
tions in  the  curing  shed,  or  some  deleterious  substance  present  in  the 
leaf  or  formed  in  the  slow  starvation  of  the  leaf  during  the  curing 
process.  The  thing  to  do,  evidently,  is  for  Dr.  Loew  to  carry  out  his 
present  plans  and  study  the  Connecticut  crop  in  the  field  and  watch  it 
through  its  various  stages  of  growth,  curing,  and  fermentation,  in  order 
to  see  where  this  oxidizing  enzym  is  lost  and  to  suggest  changes  in 
the  method  of  cultivation,  harvesting,  or  curing  which  will  tend  to  pre- 
serve it  for  the  proper  fermentation  of  the  leaf.  Very  important  modi- 
fications of  the  existing  methods  of  cultivation  and  fermenting  the 
Connecticut  tobacco  appear  to  depend  upon  the  results  of  this  scientific 
investigation. 

THE    TEST   FOR    THE    OXIDIZING   ENZYMS. 

The  tests  for  the  oxidizing  enzyms  of  tobacco  are  so  simple,  and 
the  fact  of  their  presence  or  absence  is  so  important  and  so  interesting 
that  the  methods  used  by  Dr.  Loew  are  described  here  for  the  benefit 
of  anyone  who  desires  to  make  the  test. 

The  reagents  used  are  guaiac  resin,  ordinary  alcohol,  and  peroxide  of 
hydrogen.  These  can  be  ordered  of  any  druggist.  One  gram  of  the 
guaiac  resin,  or  a  piece  about  as  large  as  a  bean,  is  dissolved  in  about 
an  ounce  and  a  half  of  alcohol.  This  solution  does  not  keep  well.  The 
guaiac  resin  itself  will  keep  for  any  length  of  time  when  undissolved  in 
the  alcohol. 

To  test  for  the  oxidase,  take  a  piece  of  tobacco  leaf,  dry  it  at  not  over 
120°  F.,  and  pulverize  it  very  finely.     Then  mix  it  thoroughly  with  about 
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15  times  its  weight  of  cold  water,  mashing  the  leaves  so  as  to  extract  it 
thoroughly  with  the  water.  This  should  stand  for  about  one  hour  for  the 
extraction  of  the  oxidase.  After  standing  for  this  length  of  time  the 
solution  should  be  filtered  either  through  a  piece  of  filter  paper,  fine 
blotting  paper,  or  very  fine  linen.  The  residue  remaining  on  the  filter 
should  be  pressed  so  as  to  express  as  much  of  the  juice  as  possible. 
Half  of  this  tobacco  extract  should  be  put  into  a  small  glass,  such  as  a 
test  tube  or  a  wineglass,  and  five  or  ten  drops  of  the  alcoholic  solution 
of  guaiac  resin  should  be  poured  in  and  thoroughly  stirred.  If  the 
oxidase  is  present  an  intense  blue  color  will  appear  within  a  few  min- 
utes ;  if  it  is  not  present  no  change  in  color  will  occur.  If  the  solution 
turns  blue  only  after  ten  minutes  no  attention  should  be  paid  to  it,  as 
it  may  happen  even  if  no  oxidase  is  present.  If  at  the  end  of  fifteen 
minutes  the  solution  has  not  turned  blue,  pour  in  a  few  drops  of  perox- 
ide of  hydrogen  j  if  there  is  any  of  the  peroxidase  present  an  intense 
blue  color  will  immediately  appear. 

If  the  guaiac  tincture  gives  a  blue  color  within  a  short  time  without 
the  addition  of  peroxide  of  hydrogen,  thus  indicating  the  presence  of 
oxidase,  the  second  portion  of  the  tobacco  extract  should  be  heated  in 
hot  water  until  it  has  attained  a  temperature  of  about  158°  F.  (70°  0. 
for  a  minute  or  two.  This  will  destroy  the  oxidase.  The  temperature 
must  not  go  up  to  188°  F.  (87°  0.),  because  this  would  destroy  the  per- 
oxidase also.  After  the  solution  has  been  heated  to  58°  F.,  to  destroy 
the  oxidase  if  present,  add,  after  cooling,  five  or  ten  drops  of  the  guaiac 
tincture  and  then  a  few  drops  of  commercial  peroxide  of  hydrogen, 
when  an  intense  blue  color  will  indicate  the  presence  of  peroxidase  in 
the  sample  of  tobacco. 


